Introduction
Weeds reduce crop yield because they compete with the crop for nutrients, water and light. Weed control measures are focused directly or indirectly on improving the competitive ability of the crop with regard to the weeds. In this chapter weed problems will be considered from the angle of competition.
We are in favour of a system-analytical approach. System analysis means that the system as a whole is analysed, the relations within it being quantified. The equations for these relations are combined to a (simulation) model. A system approach is especially useful in obtaining an outline of the relations within the system, their structure and the relative importance of each one. A simulation model also opens the possibility of predicting the results of situations not tested. Applied to weed problems: a better understanding is obtained on how the various methods of weed control affect competition between crop and weed and their effect can be predicted.
Baeumer and de Wit (1968) developed a simple model to simulate competition between different species. Competition between a crop and its weeds and the effect of weed control is discussed with this model. A competition experiment with wheat and ryegrass (Latium rigidum Gaud.) (Rerkasem 1978) serves as a case study.
Design of competition experiments
Three types of competition experiments will be discussed: additive experiments, replacement (substitution) experiments and experiments designed to simulate competition in time.
Additive experiments
The effect of a weed on a crop is usually studied in an experiment in which a weed population is added to the popUlation of the crop (Fig. 1) . The yield of a crop in plots with weeds is expressed in percentages of its yield in a plot without weeds.
Compared with replacement studies, the additive approach answers more directly the agricultural question: to what extent is the yield of a crop reduced by the presence of weeds. The disadvantage of additive experiments is, however, that there are no adequate mathematical models available to quantify the competition effects and to make predictions on various competitive situations. 
Replacement (substitution) experiments
In other fields of competition research the replacement principle is often used: a range of mixtures is generated by starting with a monoculture of species 1, progressively replacing plants of species 1 with those of species 2 until a monoculture of species 2 is obtained. As a result all stands have the same density (Fig. 2 ). Many models have been developed to quantify the competition effects in replacement experiments. De Wit's (1960) competition model has been shown to be the most adequate for this purpose (Trenbath 1978; Spitters 1979, pp. 27-36) . The drawback of replacement experiments is that they do not directly coincide with practical weed problems. Given the competitive relations at one density the yields of different mixtures at the same density can be predicted, but those at other densities only to a certain extent. So likewise with the additive schemes the possibility of generalizing the findings of one experiment with one method of weed control to other methods of control, is only limited. These drawbacks are avoided with dynamic simulation of the competition effects in time.
Dynamic simulation of competition
Baeumer and de Wit (1968) developed a model to predict the competitive relations in a mixture at any time on the basis of parameters derived from a spacing experiment with the species grown in monocultures and harvested at intervals. The model is based on a hyperbolic relationship between biomass and plant density (Fig. 3) . As the curvature of the curve is greater, the species occupies a greater part of the available 'space'. The term 'space' embraces all growth requisites like light, water and nutrients for which the species compete.
It may be inferred that the parameter {J, which measures the curvature in the density curves, reflects the space occupied by a free-growing plant (Appendix); {J increases in time (Figs. 3, 4 
